INTRODUCTION

13
Transportation planners almost always rely on simplified representations of roadway networks 14 for traffic analysis. For example, metropolitan areas often have networks with 10,000 of more 15 coded links, yet they ignore most local streets and they simplify intersection signal timing and 16 other details. In general, all models are abstractions of reality, and the level of details used 17 depends on desired accuracy in model outputs as well as available computational resources. 18 When the impacts of changes to a large network (such as that found in an urbanized area or 19 across a state) need to be anticipated, sketch planning is often considered as a cost-effective tool. 20 A sketch network may be a skeleton topology synthesizing only major arterials in the region (i.e., 21 an abstract network) or may focus on the details of a neighborhood or corridor of larger system 22 (i.e., a subnetwork). Such strategies are appealing when evaluation of the regional network 23 requires specialized expertise and/or is very computationally demanding, thus prohibiting 24 evaluation of one or more scenarios in a limited time frame. These simplified networks provide 25 planners with a less complex platform to facilitate quick-response and relatively informed 26 decision making early on. 27 While a number of studies addressed important theoretical and practical extraction/aggregation 28 issues for network abstraction (see [1] [2] [3] [4] [5] [6] [7] [8] , subnetwork analysis is still quite limited (see 9, 10). 29 Given a subnetwork extracted from a larger network, the first task we face is to determine the 30 subnetwork's trip table. This is a data prerequisite for any subsequent travel demand analysis. 31 Specifically, this work's objective is to derive a consistent origin-destination (O-D) trip matrix 32 for the subnetwork so that the travel demand analysis in the subnetwork (under changed network 33 conditions) will closely mimic full-network modeling results. given full-network path flow pattern. In general, unique path flow patterns do not exist in a UE 7 context, so this approach does not result in a unique subnetwork trip matrix. Thus, if such a 8 matrix were used to evaluate traffic shifts under network modifications (e.g., link additions 9 and/or expansion), the resulting flow estimates will likely deviate from full-network results.
10
Two complementary approaches may be used to eliminate this non-uniqueness issue, and both 11 make use of the entropy maximization principle (see 12, 13 information and conducts its ME optimization on the subnetwork level, which is much less 21 computationally demanding than the first approach (which conducts ME over the full network 22 and must store and manipulate path flows from the full network. . Given these definitions, the optimality conditions of the defined ME problem can be stated 9 as follows. We use a toy network shown in Figure 1 to examine the optimal conditions of the ME problem 1 (P1). and .
SOLUTION ALGORITHM
11
The Frank-Wolfe algorithm (43) can be adapted for solving the ME problem (P1) defined in this 12 text. The modified algorithmic steps for the ME problem are depicted as follows.
13
Step 0 ( Step 3 (Solution update): Set . 1 Step 4 (Convergence test): If a convergence criterion is met (for example, ), 2 stop; otherwise, go to step 1. the ME problem may be limited to subnetworks of small size only.
11
To relax the computational difficulty, this work resorts to the column generation approach, .1) where is the negative of the path entropy impedance vector, , and 20 is the path flow vector, , 21 subject to (7.2)
where is the link-path incidence matrix, , and is the estimated link flow 22 vector, . 
This result implies that should be set to equal the minimum link flow along path . , in which the path flow variable whose value is decreased to 0 is the 10 leaving variable.
The algorithmic steps of the column generation approach described above can be summarized as 12 follows, which synthetically serve as step 1 of the Frank-Wolfe solution framework:
13
Step 1 pairs. If the minimum value is greater than or equal to 0, the current basic feasible 21 solution is optimal; otherwise, go to step 1.3.
22
Step 1.3 (Leaving path choosing): Compute the value of the entering path flow variable by 23 and identify the leaving path flow variable whose value is 24 decreased to 0.
25
Step 1.4 (Basis matrix updating): Update the basic feasible path flow variables by 26 and update the basis matrix by inserting the entering path's link-path incidence 27 vector and removing the leaving path's link-path incidence vector. comparing it to that generated by the full-network traffic assignment.
11
For evaluation purposes, a list of synthetic network upgrade scenarios was developed, including 12 both capacity expansion and link addition cases, as shown in Table 1 . The flow pattern In view of such an O-D flow structure embedded within a subnetwork, we propose a combined 10 trip distribution and traffic assignment model, of which the trip distribution is still based on the 11 ME theory and the traffic assignment follows the UE principle. Given the input data sets (i. Here, an ME model was suggested for subnetwork trip matrix estimation and a solution method Bar-Gera's origin-based computer code for all traffic assignment results in the paper. 
